Background: Epidemiologic studies regarding weight loss and subsequent cancer risk are sparse. The study aim was to evaluate the association between weight change by intentionality and obesity-related cancer incidence in the Women's Health Initiative Observational Study. Eleven cancers were considered obesity related: breast, ovary, endometrium, colon and rectum, esophagus, kidney, liver, multiple myeloma, pancreas, stomach, and thyroid. Methods: Postmenopausal women (n ¼ 58 667) aged 50-79 years had body weight and waist circumference (WC) measured at baseline and year 3. Weight or WC change was categorized as stable (change < 65%), loss (!5%), and gain (!5%). Self-report at year 3 characterized weight loss as intentional or unintentional. During the subsequent 12 years (mean) of follow-up, 6033 incident obesity-related cancers were identified. Relationships were evaluated using multivariable Cox proportional hazards regression models. Results: Compared to women with stable weight, women with intentional weight loss had lower obesity-related cancer risk (hazard ratio [HR] ¼ 0.88, 95% confidence interval [CI] ¼ 0.80 to 0.98). A similar result was observed for intentional WC reduction (HR ¼ 0.88, 95% CI ¼ 0.80 to 0.96). Among all cancers, intentional weight loss was most strongly associated with endometrial cancer (HR ¼ 0.61, 95% CI ¼ 0.42 to 0.88). Intentional WC loss was also associated with lower colorectal cancer risk (HR ¼ 0.79, 95% CI ¼ 0.63 to 0.99). Unintentional weight loss or weight gain was not associated with overall obesity-related cancer risk. Conclusion: Intentional weight or WC loss in postmenopausal women was associated with lower risk of obesity-related cancer. These findings suggest that postmenopausal women who intentionally lose weight can reduce their obesity-related cancer risk.
associated with weight loss as a high priority for future studies (3) . Some evidence exists from follow-up of patients undergoing bariatric surgery that intentional weight loss is related to reduced cancer risk (4, 5) . Evidence also exists in experimental animals for a cancer-preventive effect of calorie restriction (6, 7) . However, epidemiologic studies regarding weight loss and subsequent cancer risk are sparse.
The results of previous epidemiological studies that investigated the relationship between weight loss and risk of cancer, mainly limited to breast cancer or colorectal cancer, are conflicting (8) (9) (10) . These mixed findings preclude a strong public health message that people who are overweight or obese could reduce their cancer risk by losing weight. The lack of a standard definition of the weight loss exposure measure may be contributing to the mixed observational study findings. In addition, unintentional weight loss is highly correlated with increased morbidity and mortality and may contribute to reverse causality in observational studies that do not account for intentionality (11) (12) (13) . Finally, most previous prospective studies used recalled information on past weight rather than direct measures of weight. Given the worldwide obesity epidemic and the established link between obesity and increased risk of many cancers, studies examining whether weight loss is associated with a reduction in cancer risk are needed to provide critical evidence for cancer-preventive interventions. This is particularly important for those people with obesity, because a relevant question for them is whether losing weight will reduce their risk of cancer.
The Women's Health Initiative (WHI) Observational Study (OS) provided a unique opportunity to evaluate the association between weight loss by intentionality and obesity-related cancer risk. In the WHI-OS, weight was measured at baseline and at year 3. In addition, weight loss intentionality was specifically assessed by self-report at year 3. In the present study, we examined the association of weight loss by intentionality with 11 of the 13 cancers judged by the International Agency for Research on Cancer to have sufficient evidence to be considered obesityrelated (2) . Gallbladder and meningioma were excluded because WHI does not have individual-level data for these two cancers. The primary analysis focused on all 11 obesity-related cancer types combined into one analysis with exploratory analyses examining associations with individual cancers. Further, we explored whether the associations between weight loss and obesity-related cancer risk are modified by covariates, such as race and ethnicity, smoking, baseline body mass index (BMI), and hormone therapy use. The goal was to test the hypothesis that intentional weight loss is associated with subsequent reductions in the risk of obesity-related cancer.
Methods

Women's Health Initiative
The WHI was designed to address major causes of morbidity and mortality in postmenopausal women (14) and included both a set of clinical trials and an OS. Details of the design and implementation of the WHI program have been published elsewhere (15) (16) (17) (18) (19) . Briefly, a total of 161 808 women ages 50 to 79 years with anticipated survival greater than 3 years were recruited at 40 clinical centers throughout the United States between September 1, 1993, and December 31, 1998 . Participants in the OS included 93 676 women who were ineligible or uninterested in participating in the clinical trials or were directly invited to participate in the OS. The study was approved by institutional review boards at the clinical centers, and participants provided written informed consent.
Study Population
The study considered only WHI-OS participants. The following participants were excluded for this analysis: women who had a history of cancer (except nonmelanoma skin cancer) (n ¼ 10, 197) at baseline; women who were enrolled in the WHI but provided no follow-up information (n ¼ 421); women with a missing value of weight or waist circumference (WC) at baseline (n ¼ 671); women with missing value of weight or WC at year 3 (n ¼ 14 306); women with missing data on whether weight change was intentional or unintentional (n ¼ 4198); women with BMI less than 18.5 kg/m 2 (underweight) or missing (n ¼ 1168);
women with missing information on other covariates (including education, smoking pack-years, and alcohol intake) (n ¼ 2676); or women who were diagnosed with any of the cancers of interest, died, or were lost to follow-up between baseline and year 3 visit (n ¼ 1372 ). Hip and WC were also measured at baseline and year 3. WC was measured at the natural waist or narrowest part of the torso to the nearest 0.5 cm.
Weight Change Between Baseline and Year 3. We calculated the weight change between baseline and year 3 and assigned each participant's change in body weight to one of three categories: stable weight, weight loss, or weight gain. The three categories were defined based on percentage change in body weight: stable weight (change of less than 5% from baseline weight), weight loss (decrease of 5% or more from baseline), and weight gain (increase of 5% or more from baseline). A cut point of 5% was used because weight-related comorbidities improve with this amount of weight loss (20) .
WC Change Between Baseline and Year 3. Similarly, in the WHI-OS, WC change between baseline and year 3 was also calculated and categorized as follows: stable (<5% change from baseline), loss (decrease of 5% or more since baseline), and gain (increase of 5% or more since baseline). In addition, at year 3 follow-up in the WHI-OS, women were asked, "In the past two years, did you lose five or more pounds not on purpose at any time?" The information was used to categorize weight loss between baseline and year 3 as "intentional" or "unintentional."
Covariates
Information on covariates of interest came from baseline and was collected using self-administered questionnaires. Information on menopausal hormone therapy use was collected during interviews with review of medication containers. Race and/or ethnicity was self-reported. We considered the following potential confounders at baseline: age (<55, 55-59, 60-64, 65-69, 70-74, >75 years ); race and/or ethnicity (American Indian or Alaska Native, Asian or Pacific Islander, black, Hispanic or Latino, non-Hispanic white, and other); level of education (high school or less, some college or technical training, college or some post-college, and master or higher); pack-years of smoking (never, <10, 10-<20, 20-<30, 30-<40, !40 pack-years); alcohol intake (nondrinker, past drinker, current and <7 drinks per week, current and !7 drinks per week); recreational physical activity (total metabolic equivalent tasks hours per week: <5, 5-<10, 10-<20, 20-<30, >30); history of hormone therapy use (none, estrogen alone, estrogen and progestin, mixed); family history of cancer (no, yes); and BMI and WC at baseline.
Outcome
All obesity-related incident cancer cases were considered as outcomes, including cancers of the breast, ovary, endometrium, colon and rectum, esophagus (adenocarcinoma), kidney, liver, pancreas, gastric cardia, and thyroid, as well as multiple myeloma. Our primary objective was to analyze the 11 cancers combined as the major outcome. Each individual cancer was examined as a secondary objective. As of March 31, 2018 , in the analytic sample of 58 667 women, a total of 6033 incident obesityrelated cancers had been ascertained, including 3355 invasive breast cancers, 574 endometrial cancers, 410 ovarian cancers, 921 colorectal cancers, 374 pancreatic cancers, 225 kidney cancers, 167 thyroid cancers, 202 cases of multiple myeloma, and 139 at the remaining sites (13 esophageal adenocarcinoma, 103 liver cancers, and 23 gastric cardia cancers).
Statistical Analysis
Cox proportional hazards regression models were used to evaluate the relationship (hazard ratios [HRs] and 95% confidence intervals [CIs]) between weight or WC change and obesity-related cancer incidence. The assumptions of proportionality were satisfied for all exposure variables of interest and potential confounding variables. In the multivariable-adjusted models, potential confounders included the variables listed in the Covariates section above. Tests for multiplicative interaction by race and/or ethnicity, BMI at baseline, smoking, and hormone therapy use were performed. In addition, cancer-specific confounders were considered. For breast cancer, we additionally adjusted for family history of breast cancer, history of hormone therapy use, age at menopause, parity, and Gail risk score.
To minimize possible reverse causation, we performed a sensitivity analysis after excluding the first 2 years of follow-up. We also performed another sensitivity analysis after excluding women who were 70 years or older at baseline, because as a group, women at this age lose weight and intentionality is more difficult to assess given changes in life circumstances (11) . We conducted a sensitivity analysis for endometrial and ovarian cancer by excluding women with hysterectomy and oophorectomy, respectively. Finally, a restricted cubic spline analysis (21) was performed to investigate possible nonlinear effects of weight loss.
Results
Among 58 667 women, 67.2% had stable weight, 19.5% had weight gain, 7.9% had intentional weight loss, and 5.4% had unintentional weight loss between baseline and year 3. Table 1 shows baseline characteristics of participants by weight change category. Compared to women with stable weight, women with intentional weight loss were more likely to be younger, nonHispanic white, have some college education, be past smokers and past alcohol drinkers, have fewer children, be never hormone users, be physically inactive, and have higher BMI and higher WC ( Table 1) .
As shown in Table 2 , compared with women with stable weight, women with intentional weight loss (!5% from baseline weight) had lower obesity-related cancer risk (HR ¼ 0.88, 95% CI ¼ 0.80 to 0.98). We did not observe statistically significant associations between either unintentional weight loss (HR ¼ 0.99, 95% CI ¼ 0.88 to 1.12) or weight gain (HR ¼ 1.04, 95% CI ¼ 0.98 to 1.11) and risk of obesity-related cancer risk.
Among individual cancers, endometrial cancer had the strongest association with intentional weight loss and lower risk (HR ¼ 0.61, 95% CI ¼ 0.42 to 0.88). The HR for ovarian cancer was similar to endometrial cancer but not statistically significant (HR ¼ 0.69, 95% CI ¼ 0.45 to 1.07). Lower risk of breast cancer was associated with weight loss regardless of intentionality (HR ¼ 0.88, 95% CI ¼ 0.79 to 0.98). We also observed that unintentional weight loss was associated with risk for liver cancer (HR ¼ 2.54, 95% CI ¼ 1.33 to 4.86). Other associations were not statistically significant (Table 2) .
A similar lower obesity-related cancer risk was observed for intentional WC reduction compared with women with stable WC (HR ¼ 0.88, 95% CI ¼ 0.80 to 0.96). Endometrial cancer again had the largest reduction in risk associated with intentional WC loss (HR ¼ 0.67, 95% CI ¼ 0.50 to 0.92). Further, we observed lower risk of colorectal cancer associated with intentional WC reduction (HR ¼ 0.79, 95% CI ¼ 0.63 to 0.99). Similarly, unintentional WC reduction was associated with an increased risk for liver cancer. All other associations were not statistically significant (Table 3 ).
An analysis stratified by baseline BMI showed that the lower risk of obesity-related cancer associated with intentional weight loss was present only among women with obesity (HR ¼ 0.83, 95% CI ¼ 0.71 to 0.99), although the interaction between weight change and obesity status was not statistically significant. The relationship between intentional weight loss and the risk of obesity-related cancer was not substantially modified by race and/or ethnicity, smoking status, or hormone use (Table 4) .
Supplementary Tables 2-3 (available online) provide the number of cases for each outcome corresponding to those shown in Tables 2-4. A sensitivity analysis after excluding the first 2 years of follow-up revealed similar results to those presented above (results not shown). Another sensitivity analysis after excluding women who were at least 70 years old at baseline showed a slightly greater risk reduction for obesity-related cancer associated with intentional weight loss (HR ¼ 0.85, 95% CI ¼ 0.75 to 0.95). We also performed an analysis by categorizing weight change into stable weight (change within 64.5 kg), weight loss (!4.5 kg from baseline weight), and weight gain (!4.5 kg from baseline weight) based on actual change in body weight. We observed that there was a statistically significant increased risk for obesity-related cancer among women with weight gain of 4.5 kg or more relative to women with stable weight (HR ¼ 1.08, 95% CI ¼ 1.01 to 1.17). We performed a sensitivity analysis for endometrial cancer by excluding women with hysterectomy and for ovarian cancer by excluding women with oophorectomy, and results were similar. Finally, the restricted cubic spline analysis revealed a P value for the test for nonlinearity of 0.2, indicating that the association was consistent with a linear relationship of weight change with obesityrelated cancer risk. The linear relationship between weight change and cancer risk was statistically significant (P ¼ .03). A similar linear trend was also observed for WC change in relation to risk (Figure 1 ).
Discussion
In this large prospective study among postmenopausal women, we observed that intentional weight loss was associated with lower overall risk of obesity-related cancers. There was a linear trend between weight or WC change in relation to the overall risk. Among individual cancers, endometrial cancer had the largest reduction in risk associated with intentional weight loss. Similar results were observed for intentional WC reduction. We observed lower risk of breast cancer associated with weight loss regardless of intentionality and lower risk of colorectal cancer associated with WC reduction. These relationships were not modified by race and/or ethnicity, baseline BMI, smoking status, or prior hormone use.
Previous findings from epidemiological studies regarding the relationship between weight loss and cancer risk are limited and conflicting (8, 9, (22) (23) (24) (25) (26) . These inconsistent findings may be due to a lack of standard definition of the weight loss exposure measure and/or failure to distinguish whether weight loss was intentional. Our recent analyses in the WHI revealed lower endometrial cancer risk associated with intentional weight loss, but not with unintentional weight loss (27) , and lower breast cancer risk associated with weight loss regardless of intentionality (28) . The Iowa Women's Health Study (24) used recalled weight change over a 35-year period and observed that women with intentional weight loss no less than 9.1 kg had a 19% lower breast cancer risk (risk ratio ¼ 0.81, 95% CI ¼ 0.66 to 1.00), whereas unintentional weight loss was not associated with lower breast cancer risk (24) . A recent meta-analysis reported a pooled relative risk of 0.82 (95% CI ¼ 0.70 to 0.96) for breast cancer associated with weight loss (29) . We observed reduced risk of breast cancer associated with weight loss, although results use (never use, estrogen-alone use, estrogen plus progestin use, mixed). CI ¼ confidence interval; HR ¼ hazard ratio. †Hazard ratios for overall, intentional, and unintentional weight loss were from two different models. Results for overall weight loss were from a model with three exposure categories (stable, gain, and loss), and results for intentional and unintentional weight loss were from a model with four exposure categories (stable, gain, intentional, and unintentional). ‡For breast cancer, we replaced family history of cancer with family history of breast cancer and additionally adjusted for parity and Gail risk score. 
Overall obesity-related cancer (never use, estrogen-alone use, estrogen plus progestin use, mixed). CI ¼ confidence interval; HR ¼ hazard ratio. †Hazard ratios for overall, intentional, and unintentional weight loss were from two different models. Results for overall weight loss were from a model with three exposure categories (stable, gain, and loss), and results for intentional and unintentional weight loss were from a model with four exposure categories (stable, gain, intentional, and unintentional). ‡For breast cancer, we replaced family history of cancer with family history of breast cancer and additionally adjusted for parity and Gail risk score.
became statistically nonsignificant when splitting the group into intentional and unintentional. This may be due to lower power to detect a modest association after splitting. Our findings line up with most previous studies that do not include intentionality. Currently, there is little evidence from randomized clinical trials in humans showing effects of weight loss interventions on risk of developing cancers (30) . This may be due to lack of sustained weight loss or limited study power. However, studies have shown that moderate weight loss interventions have resulted in improvement in insulin sensitivity and decreased inflammatory markers (31, 32) . Both insulin sensitivity and inflammatory responses are potential mechanisms linking obesity and cancer risk (33) . Several randomized trials have shown that intentional weight loss lowered serum sex hormones or inflammatory markers (34) (35) (36) , which may decrease risk of postmenopausal breast and endometrial cancer. There is also evidence that short-term interventions may affect undiagnosed cancer and then affect subsequent health outcomes 5 to 10 years later (37, 38) . Preclinical studies also support a beneficial effect of calorie restriction and weight loss on both chemically induced and spontaneous tumors (6, (39) (40) (41) (42) (43) . Caloric restriction has been shown to increase the life span of rodents (44, 45) and dogs (46) and has extended the life span and delayed cancer development in rhesus monkeys (47) . In humans, bariatric surgery studies found 20 kg sustained weight loss was associated with reduced cancer risk (48) (49) (50) .
To our knowledge, our study is the first study to analyze the relationship between WC change and the risk of cancer. Overall, we observed similar results for weight loss and WC reduction in relation to obesity-related cancer risk. For colorectal cancer, we observed that WC reduction but not weight loss was associated with lower risk of colorectal cancer. Although the association for intentional weight loss was not statistically significant, the pattern of the association was similar. The correlation between weight and WC was high (r ¼ 0.8) in our data; however, it is possible that achieved WC reduction may be more beneficial than weight loss. Studies have shown that WC reduction in individuals with obesity resulted in improvements in insulin sensitivity and blood lipid profiles and a reduction in colon tissue Ki-67 expression (an established biomarker of cancer risk) (51, 52) . Previous studies examining weight loss compared with stable weight showed a statistically nonsignificant lower risk of colorectal cancer or no association (10). Song et al. (53) and Rapp et al. (54) have reported that weight loss over time was associated with reduced colorectal cancer risk among men, but not women. These null associations between weight loss and colorectal cancer risk may be due to a small number of cases for the weight loss group or failure to differentiate between intentional and unintentional weight loss (55) or weight change may be less predictive of colorectal cancer risk in women than WC (56) .
We did not observe that weight gain (!5%) was associated with obesity-related cancer risk, which conflicts with most previous studies that have reported positive associations between weight gain during adulthood and risk for many cancers (57, 58) . However, most of the studies in these two metaanalyses looked at weight gain from age 18 years to baseline, and not recent weight gain. Our finding may be because 5% weight gain may not be large enough to have resulted in an increase in risk. Of note, there was increased risk for obesityrelated cancer among women with weight gain of 4.5 kg or more relative to women with stable weight, although a 10-pound weight gain is not much more than a 5% weight gain in women with baseline obesity.
Strengths of this study include the large prospective design, long-term follow-up, measured body weight and WC at baseline and follow-up, centrally adjudicated cancer cases, and determination of intentional or unintentional weight loss. However, several limitations deserve mention. First, weight or WC changes were based on baseline and year 3 visit and did not consider change beyond 3 years of follow-up. It is possible that a woman who lost weight between baseline and year 3 may subsequently have gained back weight after the 3-year exposure period. This lack of sustained weight loss would lead to an attenuation of the associations. Second, the assessment of intentionality for weight loss was self-reported and did not exactly match with the amount of weight loss used in the study, which may lead to some degree of misclassification. Third, our findings are limited to postmenopausal women and may not generalize to other populations. Fourth, although our study is one of the largest prospective cohort studies to date among postmenopausal women, the study power to analyze cancer risk for rare individual cancer sites was limited.
Our data demonstrate that intentional weight loss or WC reduction among postmenopausal women was associated with lower risk of obesity-related cancers. These findings provide evidence that older women with obesity can reduce their cancer risk through weight loss efforts.
